The objective was to test ultrasound treatments on spinach leaves during extraction, and conventional 11 extraction was used as a control. The effects of different combinations of the ultrasonic water bath factors 12 tested on phenolic compound yields included frequency (37 and 80 kHz), exposure time (5, 10, 15, 20, 13 25, and 30 min), temperature (30, 40, and 50 °C), and ultrasonic power (30, 50, and 70 %). The best 14 conditions for extraction yields were ultrasonic frequency of 37 kHz, extraction time of 30 min, reaction 15 temperature of 40 C, and ultrasonic power of 50 %. The mean yield (mg/ 100g), total phenol (mg gallic 16 acid/ g DW), flavonoids (mg / g DW), % DPPH free-radical scavenging activity, and % ferric reducing 17 antioxidant power were all high (64. 88±21.84 , 33.96±11.30 , 27.37±11.85 , 64.18±16.69 and 70.25 18 ±9.68). Treatments were significantly different. The interaction among the ultrasonic parameters was 19 significant. Temperature and power had significant effects on all other dependent variables. 20
Introduction 23
Consumption of vegetables was associated with reduced risks of many diseases (such as cancer and 24 cardiovascular disease) in epidemiological studies [1] . Numerous studies have attempted to screen 25 commonly eaten vegetables (carrots, potatoes, sweet potatoes, red beets, cabbage, Brussels sprouts, 26 broccoli, lettuce, and spinach) for bioactive compounds and their antioxidant activities using different 27 assays [2] . Advanced extraction methods have paved the way for rapid extraction of bioactive compounds 28
[3]. Despite assays to show the activity of vegetables' bioactive compounds, little is known about the 29 activity of antioxidant components that can be isolated from these vegetables. Researchers have tended to 30 focus on developing advanced methods to isolate, identify, and measure the activity of natural antioxidant 31 compounds such as flavonoids, phenolic acids, tocopherols, carotenoids, and ascorbic acid [4] . 32
Spinach (Spinacea olerace L.) is one of the most popular vegetables in the world [5] .The number of 33 people in the United States who consume spinach increased in the past decades. According to analytical 34 chemists, spinach is a good source of violaxanthin and neoxanthin because these kinds of compounds are 35 not commercially available as supplements [6] .Generally, in green vegetables such as spinach, only the 36 green chlorophylls are seen by the consumer because they mask the bright colors of carotenoids. 37
Carotene, lutein, violaxanthin, and neoxanthin are the major carotenoids in raw spinach [7] .The health 38 benefits of spinach are partly due to the photoprotective function of carotenoids. Some of the carotenoids 39 contain provitamins such as carotene which can be converted to vitamin A inside the human body through 40 metabolism. In addition, scientists have confirmed that carotenoids have the ability to protect against 41 certain forms of cancers, eye diseases such as age-related macular degeneration, and cardiovascular 42 diseases [8] . 43
Consumption of spinach is important in both developed and developing countries. Spinach in 44
developed countries is mostly consumed either fresh or blanched, and sometimes after being frozen or 45 canned. Dehydrated spinach is used in many developing countries due to extended shelf life [5, 6] .Recently, Albu et al. [12] used ultrasound to extract phenolic compounds from rosemary. They compared 53 (30%, 50% and 70%). Each treatment setting was repeated 3 times before changing to the next setting. 106
The procedure was completed for 37 kHz frequency and duplicated for 80 kHz frequency. 107
After treatment, ultrasound and traditional extraction samples were filtered (Whatman no.1, 108
Whatman International Ltd, Maidstone, United Kingdom). The solids of the lower layer were re-extracted 109 with 100 mL of methanol at room temperature to ensure all soluble bioactive compounds were recovered. 110
The filtered liquids were placed into a rotary evaporator (BUCHI, Labortechnik AG, Flawil, Switzerland) 111 under vacuum at 40 °C to reduce solvent volumes to 10 mL. 112
Phytochemical tests 113
Seven assays were used to identify phytochemical compounds of alkaloids, saponins, glycosides, 114 tannins, phenols, flavonoids, and triterpenoids in each sample according to the methods of Harbone [17] 115
.Three samples of the traditional extract method were analyzed. For the ultrasonic method, one sample of 116 each combination of frequency, temperature, and power level was analyzed. 117
Alkaloids 118
Mayer's reagent was prepared by mixing 13.5 gm of mercuric chloride and 50 gm of potassium 119 iodide with 100 mL distilled water into 100 mL flask. The 50 mg of crude extracts were treated with 1-2 120 mL of hydrochloric acid (2N) and then 1-3 drops of newly prepared Mayer's reagent were added. The 121 appearance of red residue in the test liquid indicated alkaloids in the sample. 122
Saponins 123
Exactly 25 mL of distilled water were added to 2 mL of the spinach samples with manual shaking 124 for 15-20 min. The appearance of a steady foam indicated the presence of saponins. 125
Glycosides 126
Hydrochloric acid, 5 mL of 70 % (v/v) was added to 1 g spinach for hydrolysis in water bath at 127 100 °C. Afterward spinach extracts were treated with chloroform, and then 5 mL of dilute ammonia were 128 added to the supernatant layer. A pink color indicated the existence of glycosides in the samples. 129
Tannins 130
Drops of distilled water were added to the crude spinach extracts with approximately 0.25 g 131 NaCl. The appearance of tannins was indicated when a blue green color developed after treating samples 132 with 1 mL of ferric chloride (2%). 133
Phenols 134
The presence of bioactive compounds with intense green color was observed when 5 mL of 6 % 135 (w/v) of ferric chloride was mixed with 1 mL of samples. 136
Flavonoids 137
In the first assay, approximately 3-4 drops of absolute H 2 SO 4 and a few drops of 10% (w/v) 138
NaOH were added to the spinach samples. Brown and orange colors were indicative of flavonols and 139 flavones respectively. In a second assay, about 0.5 mL of the spinach extract was added to test tube, then 140 7-10 drops of 80% (v/v) HCl with a small amount of magnesium ribbon to reach the boiling point after 5-141 10 min. Either reddish pink or foggy brown color in samples indicated the presence of flavonoids. 142
Triterpenoids 143
Approximately 7-10 drops of antimony trichloride were mixed with 2 mg of spinach extract for 144 10 min. A blue color indicated triterpinoids in the crude samples. 145
Ultrasonic treatment performance 146
Five measures were used to compare ultrasonic extraction methods and to compare the highest 147 yielding ultrasonic method with the traditional extraction method. 148
Total extraction yield 149
The total extract yield was measured according to the following equation used by Wang et 150 al. [18] . 151
Total Yield = [dried product (mg) / lyophilized sample (10g)] * 100
(1) 152
Total phenolics 153
The Folin-Ciocalteu assay was used to measure total phenolic compound [19] . Sodium carbonate 154 (2 g) was dissolved into 100 mL of distilled water. One g of the crude extracts was dissolved in 46 mL of 155 distilled water with 1 mL of Folin-Ciocalteu solution. The mixture was shaken for 10 min, and 3 mL of 156 the sodium carbonate solution (2 % w/v) was added. The mixture was kept in the dark for two hours with 157 intermittent shaking to homogenize the mixture. The absorbance was measured at 750 nm and compared 158 to a calibration curve prepared with known amounts of Gallic acid (Roth, Karlsruhe, Germany). The 159 results were expressed as mg/g dry matter (DM). 160
Total flavonoids 161
The total flavonoid contents were determined following the method of Taga et al. [20] . 162
Approximately 0.2 mL of spinach crude extracts was added to 5 mL of cinnamaldehyde with manual 163 shaking for 30 min at 25 °C. The absorbance was estimated at 640 nm compared to a blank sample 164 without spinach extracts. The standard curve of known amounts of catechin was used for calibration. The 165 calculation of total flavonoids was compared with the standard calibration curve of catechin, and 166 expressed as catechin equivalents. 167
Ferric reducing antioxidant power 168
Antioxidant compounds produce a color complex with potassium ferricyanide, trichloro acetic 169 acid, and ferric chloride, which were measured at 700 nm. The increase in absorbance of the reaction 170 mixture indicates the possibility of using these spinach extracts as antioxidants [21] . Exactly 1 mL of 171 spinach sample was dissolved in 1 mL of distilled water, and 2.5 mL of K3Fe(CN)6 (1% w/v) with 2.5 172 mL of 0.2 M phosphate buffer (pH 6.6) according to method described by Oyaizu et al. [22] . The mixture 173 was incubated for 20 min at a temperature of 50 °C and then 22.5 mL of trichloro acetic acid (10% w/v) 174 was added. An upper layer (2.5 mL) was obtained through centrifugation at 3000 rpm for 10 min. The 175 supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of FeCl 3 (0.1%, w/v). The absorbance 176 was measured at 700 nm in a spectrophotometer. Ferric reducing antioxidant power was calculated as 177 follows: 178 % ferric reducing antioxidant power= 100-(A/B)*100
(2) 179
Where, A= absorbance of sample ; B=absorbance of control. 180
DPPH-Elisa assay 181
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) solution was prepared by dissolving 10 mg of DPPH 182 in 4 mL methanol, and the solution was kept in the dark at 5 °C according to Lee et al.[23] . A stock 183 solution (1000 µg/mL) of spinach crude compounds was prepared in dimethyl sulfoxide (DMSO). 184
Varying concentrations of the stock solution were made (20, 40, 60, 80, 100, 120, 140, and 160 µg/mL). 185
Each concentration was added to a 96-well Elisa plate so that the highest concentration was in the top 186 wells with each decreased concentration following with the lowest concentration in the bottom wells. 187
Later, 5 µL methanolic DPPH solution was added to the each of 96-wells. The Elisa plate was shaken to 188 ensure the DPPH solution was mixed before incubation while covered with aluminum foil. The optical 189 density (OD) of the whole solution was measured at 517 nm after 30 min by using an ELISA Reader. 
Statistical Analysis 194
The variables of frequency, temperature, power, and exposure time were analyzed as a full 195 factorial ANOVA for each of the five measures of ultrasonic performance. When main effect interactions 196 were significant, simple effects were analyzed for differences. Differences in the simple effect of 197 temperature-power combinations were determined within frequency and with exposure times treated as 198 additional observations. The simple effect of temperature within each frequency at the highest yielding 199 power based on the temperature-power combination analysis was examined for differences. The simple 200 effect of power level within each frequency at the highest yielding temperature based on the temperature-201 power combination analysis was examined for differences. The simple effect of exposure time within 202 each frequency for the highest yielding temperature-power combination was also determined. SAS 9.2 203 with P < 0.05 was used for statistical analysis. Tukey's HSD (honestly significant difference) test was 204 used for mean separation. 205
Results and Discussion 206

Qualitative phytochemicals analysis of spinach 207
The qualitative phytochemicals analysis of ultrasonic extracts resulted in evidence of the presence 208 of flavonoids, phenols, tannins, glycosides, saponins and alkaloids, but triterpenoids were not detected. 209
For the traditional extraction method, phenols, tannins, glycosides, and saponins were detected while 210 flavonoids, alkaloids and triterpenoids were not detected (Table 1) . These results were in agreement with 211
Haizhou et al. [24] who mentioned that ultrasonic water bath had the ability to increase the permeability of 212 the plant tissues by inducing cavitation, and thus smoothing to release all compounds compared to the 213 conventional method. 214 3.2 Effect of ultrasonic frequency, temperature, time, and power on extraction yield (mg/ 100 g 215
DW) of spinach. 216
Results of the full factorial ANOVA analysis indicated significant (P < 0.0001) interactions 217 among all combinations of the frequency, temperature, power, and exposure time variables for extraction 218 yield. The simple effect of temperature-power combinations showed a significant difference (P < 0.0001) 219 among the treatments for both 37 kHz and 80 KHz frequencies. Within each frequency, the temperature 220 setting of 40 °C and power level of 50 % resulted in a significantly higher extraction yield than the other 221 temperature-power combinations ( Table 2 ). The mean yield of polyphenols from spinach at this 222 combination was 64.88±21.84 and 50.44±12.97 mg/ 100 g for 37 kHz and 80 kHz respectively. For both 223 frequencies, the combinations of 30 °C with power levels of 30 % and 50% were in the grouping of 224 lowest extraction yields. The frequency, temperature, and power of the ultrasound are known to affect the 225 efficiency of extraction; especially the power of ultrasound is affected by the amplitude of the ultrasound 226 waves. The results here indicated that operating ultrasonic equipment with 37 kHz was more effective 227 than 80 kHz in regards to extraction yield. This finding concurred with Zhou et al. [25] who found that 228 increasing ultrasonic frequency had a major effect on extraction yield by decreasing the intensity of 229 cavitation in liquids. 230 At the 50 % power level, there was a significant difference (P < 0.0001) among temperatures at 231 both frequencies. The 40 °C temperature had the significantly highest extraction yield at 37 kHz and 80 232 kHz (Table 3 ). At 37 kHz there was no significant difference between 30 °C and 50 °C temperatures. At 233 80 kHz there was a significant difference in extraction yield among all three temperatures; temperature 40 234 °C gave highest yield followed by 50 °C and 30 °C. Chan et al. [26] reported that the yield of phenolic 235 compounds increased when the temperature increased from 40 °C to 70 °C. Teh and Birch [27] also found 236 that yield was increased when the temperature was raised from 40°C to 50°C. However, at 60°C, 237 extraction yield in flax and canola seed cake extracts decreased, whereas total flavonoids decreased at 238 70°C in hemp seed cake extracts probably due to the destruction of phenolic compounds. 239
Within the 40 °C treatments, there was a significant difference (P < 0.0001) among power levels 240 at both frequencies. The 50 % power level had the significantly highest extraction yield within the 40 °C 241 treatments, with no difference between the 30 % and 70 % power levels at both the frequencies (Table 4) . 242
This finding was in agreement with Herrera et al. [28] who mentioned that the degradation (nearly100%) 243 of many phenolic compounds from strawberries was caused by ultrasound. However, the yields of sinapic 244 and vanillic acid did not decline significantly with increased extraction time at 40 °C. One of the possible 245 reasons given for this phenomenon was that the stability of these two phenolic compounds at high 246 temperatures was higher. This may be partly ascribed to the differences in their chemical structures. 247
At the temperature-power combination of 40 °C and 50 %, there was a significant difference (P < 0.0001) 248 among exposure times for both frequencies with extraction yield significantly increasing for each 249 increased exposure time (Table 5) who reported a gradual increase from 0 to 60 min in phyllyrin yields, and they ascribed the different 251 availability and class of extractable components were resulting from the varied chemical composition of 252 plants. Probably, it was not just time to rarefaction or compression at high frequency but also time to 253 allow a bubble to grow to a size sufficient to cause disruption and resulting increase in extraction yield. 254 Therefore, the bubbles may need time during rarefaction to collapse through processing. For that reason, 255 the high frequencies will not have the ability to cause enough cavitation in the extracts [30] . 
DW) of spinach 260
Full factorial ANOVA analysis resulted in significant (P < 0.0001) interactions among all 261 combinations of the frequency, temperature, power, and time variables on total phenols in spinach extract. 262
According to statistical analyses (Table 2 ) among temperature-power combinations there was a significant 263 difference (P < 0.0001) for both 37 kHz and 80 KHz frequencies. The highest total phenol within each 264 frequency was related to use of 40 °C and power level of 50 % which resulted in a significantly higher 265 total phenol than the other temperature-power combinations. The mean total phenol from spinach at this 266 combination was 33.96±11.30 and 25.52±6.56 for 37 kHz and 80 kHz respectively. The combinations of 267 50 °C with power levels of 70 % were in the grouping of lowest total phenol for both frequencies. So, this 268 study showed that when the temperature was 50 C, the total phenols yield decreased with an increase in 269 the percentage of power. The extraction of phenolic compounds was dependent on both the temperature 270 of the ultrasonic water bath and its power percentage. Consequently, single factor analyses might not be 271 effective for optimization of the extraction of a bioactive compound. Hence, this study supported reports 272 that a combination of temperature with power variables was more effective in extracting phenolic 273 compounds than a single factor [31] . 274
For each frequency at the power level of 50 %, there was a significant difference (P < 0.0001) 275 among temperatures. According to statistical analyses (Table 3) , the results exhibited that the highest total 276 phenol occurred at 40 °C at 37 kHz and 80 KHz. There was no significant difference between 30 °C and 277 50 °C temperatures for both frequencies (37 KHz and 80 KHz). This is consistent with previous findings 278 of Pinelo et al. [32] who reported that the yields of phenolic compounds from milled berries and grape 279 pomace depended significantly on extraction temperature. However, higher temperatures beyond 50 °C 280 induced the instability of phenolic compounds. 281
There was a significant difference (P < 0.0001) among power levels at both frequencies at 40 °C 282 (Table 4 ). The results showed that the highest total phenol was at 50 % power level within the 40 °C 283 treatments. Moreover, per statistical analysis there was no difference between the 30 % and 70 % power 284 levels at both frequencies. The above results agreed with Ma et al. [33] who confirmed the positive effects 285 of increasing the level of power on the yields of phenolic compounds of citrus peel. They observed that 286 by increasing the power from 3.2 to 30 W, the yields of most phenolic compounds were significantly 287 increased and then gradually decreased after 30 W. 288 Table 5 summarized that for both frequencies, the total phenol significantly (P < 0.0001) 289 increased by increasing exposure time at the temperature-power combination of 40 °C and 50 %. ANOVA analysis (full factorial) of frequency, temperature, power, and time on total flavonoids 296 resulted in significant (P < 0.0001) interactions among all combinations of the independent variables. 297 Table 2 has demonstrated that there was a significant difference (P < 0.0001) for both 37 kHz and 80 KHz 298 frequencies among all treatments for temperature-power combinations. The results within each of the 299 frequencies showed that total flavonoids at 40 °C and a power level of 50 % were higher than the other 300 temperature-power combinations. In contrast, a relatively higher temperature of 50 °C with 50 % power 301 reduced flavonoids yield significantly, possibly by the denaturation of cell membranes. This finding 302 concurred with Cacace et al. [35] who discovered that the degradation of some flavonoids might occur 303 when the temperature was raised to 50 C or more. The mean total flavonoids from spinach at this 304 combination were 27.37 ±11.85 and 15.27±4.88 (mg / g DW) for 37 kHz and 80 kHz respectively. The 305 combinations of 30 °C with power levels of 30 %, and 50 % were in the grouping of lowest total 306 flavonoids at 37 KHz. But, the combinations of 30 °C with power levels of 30 % exhibited lowest total 307 flavonoids at 80 KHz. 308
According to statistical analyses, there was a significant difference (P < 0.0001) among 309 temperatures at both frequencies at the power level of 50 %. The results ( Table 3 ) have shown that the 310 highest total flavonoids were at 40 °C temperature for both 37 kHz and 80 kHz. Also, for both 311 frequencies, there was no significant difference between 30 °C and 50 °C temperatures. This finding was 312 in agreement with Qu et al. [36] who found that a low extraction temperature (below 45°C) and low 313 ultrasonic power were very important to enhance the extractions. 314
At 40 °C, there was a significant difference (P < 0.0001 for 37 kHZ and P = 0.0444 for 80 kHz) 315 among power levels at both frequencies (Table 4 ). The statistical analyses showed that the highest total 316 flavonoid extractions were at 50 % power with the 40 °C treatments at 37 kHz but at both 30 % and 50 % 317 power at 80 kHz. That phenomeneon might be ascribed to the positive effect of ultrasonic power and 318 temperature by enhancing the mass transfer process. Moreover, statistical analyses indicated that that 319 there was no difference between the 30 % and 70 % power levels at 37 KHz. However, at 80 KHz ,there 320 was no difference between the 30 % and 70 % power levels nor between the 30 % and 50 % power levels 321 but each pair differed. The different effect of ultrasonic power on extraction efficiency may have been 322 due to differences in hardness, compactness, solute distribution and eventually cavitation behavior in 323 medium [34] . The results showed here a significant interaction between temperature and power. The 324 extraction of total flavonoids was highly related to both temperature of the ultrasonic water bath and its 325 power percentage. 326
The total flavonoids were significantly (P < 0.0001) increased for both frequencies when the 327 exposure time was increased at the temperature-power combination of 40 °C and 50 % (Table 5) , with 328 one exception at 80 kHz of 10 min resulting in a higher value than 15 min.. 329 3.5 Effect of ultrasonic frequency, temperature, time, and power on DPPH free-radical scavenging 330
activity (%) of spinach 331
A full factorial ANOVA analysis of frequency, temperature, power, and time on DPPH free-332 radical scavenging activity showed significant (P < 0.0001) interactions among all combinations of the 333 classification variables. The results indicated that for both frequencies, DPPH free-radical scavenging rate 334 in spinach extracts was significantly different (P < 0.0001) among temperature-power combinations. The 335 antioxidant activity within each frequency was higher at 40 °C and power levels of 50 % than the other 336 temperature-power combinations. The mean DPPH free-radical scavenging rate was 64.18±16.69 and 337 48.72 ±14.68 % for 37 kHz and 80 kHz respectively ( Table 2 ). The combinations of 30 °C with power 338 levels of 30 %, 50 %, and 70 % were among the lowest DPPH free-radical scavenging rates at 37 KHz. 339
However, the combinations of 30 °C with power a level of 30 %, and 50 °C with a power level of 70 % 340 exhibited the lowest DPPH free-radical scavenging rates at 80 KHz. When ultrasonic frequency was 341 increased from 37 kHz to 80 kHz, DPPH free-radical scavenging rate decreased first slowly and then 342 rapidly as temperature and power were increased. These findings were in agreement with Wang et al. [37] 343 who ascribed this phenomenon to the relation between frequency and the number of cavitation bubbles. 344
When the frequency increased, not only did the number of cavitation bubbles increased but also the size 345 of these bubbles became smaller, thereby it may be inferred as reducing and decreasing DPPH free-346 radical scavenging rates of extracts. 347
At the power level 50% within each frequency, the statistical analyses showed that there was a 348 significant difference (P < 0.0001) among temperatures. Table ( 3) has shown that the highest DPPH free-349 radical scavenging rate was at 40 °C temperature for both 37 kHz and 80 kHz. Also, for both frequencies, 350 there was no significant difference between 30 °C and 50 °C temperatures. DPPH free-radical scavenging 351 rate increased as temperature increased from 30 °C to 40 °C with 50 % of power. However, when the 352 temperature was 50 °C, DPPH free-radical scavenging rate decreased because the temperature led to lose 353 some sensitive compounds which might have high antioxidant activity. 354
The statistical analyses showed that there was a significant difference (P = 0.0245) at 40 °C 355 among power levels at 37 kHz, but no difference at 80 kHz (Table 4 ). The results showed that the highest 356 DPPH free-radical scavenging rate in spinach extracts was at 50 % power within the 40 °C treatments at 357 37 KHz, but it was not different from the 30 % power among all power levels at 80 KHz. This result 358 confirmed that higher frequency (80 KHz) played a dynamic role, possibly to collapse bubbles. 359
Consequently, high frequency did not allow sufficient time to extract all the target compounds. Moreover, 360 statistical analyses showed that that there was no difference between the 30 % and 50 % power levels at 361 37 KHz. 362
For both frequencies, increasing the ultrasonic exposure time significantly (P < 0.0001) increased 363 the DPPH free-radical scavenging rate in spinach extracts at the temperature-power combination of 40 °C 364 and 50 % (Table 5 ). According to statistical analyses, the 30 min extraction time was appropriate for 365 nearly complete leaching for high rates of DPPH free-radical scavenging. The 30 min exposure time was 366 inferred to allow most of the phenolic compounds to be extracted with methanol in the ultrasonic water 367 bath extractions. 368 3.6 Effect of ultrasonic frequency, temperature, time, and power on ferric reducing antioxidant 369
power of spinach 370
Full factorial ANOVA analysis showed significant (P < 0.0001) interactions among all 371 combinations of the frequency, temperature, power, and time variables on ferric reducing antioxidant 372 power. The ferric reducing antioxidant power for both frequencies increased significantly (P < 0.0001) 373 among treatments for temperature-power combinations ( Table 2 ). The ferric reducing antioxidant power 374 at 37 KHz was higher at 40 °C and a power level of 50 % than the other temperature-power combinations. The ferric reducing antioxidant power at the ultrasonic power level 50% was significantly 383 different (P < 0.0001) among temperatures for both frequencies according to the statistical analyses 384 (Table 3 ). The results showed that the highest ferric reducing antioxidant power was at 40 °C for both 37 385 kHz and 80 kHz. There was no significant difference between 30 °C and 50 °C temperatures for both 386
frequencies. There was a significant difference (P = 0.0009 for 37 kHz and P = 0.0149 for 80 kHz) at 40 387 °C among power levels at both frequencies according to the statistical analyses (Table 4) . Therefore, it 388 was concluded that the highest ferric reducing antioxidant power in spinach extracts was at 50 % power 389 within the 40 °C treatments at 37 KHz, but the statistical analyses showed that that there was no 390 difference between the 30 % and 50 % power levels and the 30 % and 70 % at 80 KHz. The results were 391 in agreement with Jahouach Rabai et al. [38] who suggested that a higher temperature of ultrasonic 392 extraction with a higher ultrasonic power could destroy some of the phenolic compounds that were 393 disbanded into the extraction medium. 394
At the temperature-power combination of 40 °C and 50 %, the ferric reducing antioxidant power 395 in spinach extracts for both frequencies increased significantly (P < 0.0001) as the ultrasonic exposure 396 time increased from 5-30 min in 5 min increments ( Table 5 ). An ultrasonication time of 30 min changed 397 the yellow color of solution to either green or blue depending on the ferric reducing antioxidant power of 398 spinach samples. Similar results were reported by Teh & Birchin [27] . They found that DPPH and FRAP 399 had the highest antioxidant capacity of seed cake extracts when 30 min of ultrasonication time was used. 400
They ascribed that phenomenon to be providing more time to release bioactive compounds from plants 401 tissue as well as enhancing the diversity of the extracted compounds. According to statistical analyses, the 402 interaction effects of treatment time, temperature, power, and frequency were significant on ferric 403 reducing antioxidant power. The best ultrasonic power conditions was again determined to be lower 404 temperature (40 °C), longer time (30 min) and low frequency (37 KHz). 405
Comparison between ultrasonic water bath extraction of spinach polyphenol content and the 406 conventional extraction (control) 407
In order to compare between ultrasonic water bath technique and the conventional method, the 408 first experiment was conducted to use ultrasonic water bath with temperature 40 C, power 50 %, 30 min 409 and both 37 KHz and 80 KHz separately while the traditional extraction used 50 C for 30 min. The 410 results showed that ultra-sonication at 37 KHz significantly increased the yield of total phenolic contents 411 from spinach leaves compared to the conventional extraction (p < 0.0001; Fig. 1, 2) . For example, the 412 yields were 22.47, 69.32 and 95.76 (g /100 g DW); and total phenolic contents were 11.98, 33.33, and 51 413 (mg GAE /100 g D.W) for control, ultrasonic (80 KHz), and ultrasonic (37 KHz) respectively. In 414 addition, total flavonoids of spinach extracted using either ultrasonic frequency of37 KHz or 80 KHz 415 were significantly (P < 0.0001) higher than the control (Fig. 3) . The antioxidant activity was in 416 agreement with the total phenolic content in the spinach extraction. The results showed that % DPPH 417 free-radical scavenging and ferric reducing antioxidant power activity were significantly (P< 0.0001) 418 higher in both ultrasonic frequencies compared to the control (Fig.4, 5 
Conclusion 426
The ultrasound treatment had the capability to increase polyphenol extraction yields from 427 spinach. The results of this study showed that the ultrasonic treatments were reliable and feasible methods 428 for the extraction of phenolic compounds from spinach. According to statistical analyses, the best 429 extraction conditions were at the ultrasound frequency of 37 KHz, ultrasonic power of 50%, treatment 430 time of 30 min and process temperature of 40 C. In addition, spinach extracts showed strong antioxidant 431 capacity in vitro, and the extracts can be considered as a good source of natural antioxidants. Polyphenol 432 extraction from spinach by ultrasound will be a low cost method because it reduces the amount of solvent 433 used and avoids the need for longer extraction times compared to the conventional extraction method. 434
Ultrasound extraction is strongly recommended as a potential method for extraction of bioactive 435 compounds from diverse plant materials. 436
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